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Oxygen is a highly toxic molecule that accumulated massively
some 2,400000000 years ago as a byproduct of photosynthesis. It
nearly extinguished life on Earth. Surviving organisms had to learn to
deal with high atmospheric oxygen. Aerobic cells use it as the ﬁnal
electron acceptor of their respiratory chains, coupling the highly
exergonic reduction of oxygen to the synthesis of ATP. Still, the
toxicity problem had to be dealt with and a large number of strategies
evolved. Active oxygen consumption in the absence of ATP synthesis
that is, physiological uncoupling of oxidative phosphorylation, was
achieved through different mechanisms that may be classiﬁed in
proton sinks and non-productive redox proteins. Proton sinks: Proton
gradients may be dissipated by opening of the permeability transition
pore or activating uncoupling proteins. Non-productive redox en-
zymes are not proton pumps: The branched respiratory chains of
plants, yeast and bacteria express varying amounts of alternative
redox enzymes that do not pump protons. Expression varies with
aging when subjected to different types of stress. Physiological un-
coupling mechanisms are needed to cope with oxygen.
doi:10.1016/j.bbabio.2014.05.229
S6.P1
Mitochondrial dysfunctions in brain of bulbectomized mice —
Model of sporadic Alzheimer's disease
Armine V. Avetisyana, Ruben A. Simonyanb, Ivan M. Byvshevc,
Alexander N. Samokhind, Natalia V. Bobkovad
aA.N.Belozersky Institute of Physico-Chemical Biology,
Moscow State University, Russia
bA.N.Belozersky Institute of Phys.–Chem. Biology,
Moscow State University, Russia
cMoscow Institute of Physics and Technology, Russia
dInstitute of Cell Biophysics RAN, Russia
E-mail: sodium123@yandex.ru
Alzheimer's disease (AD) is the most prevalent neurodegenera-
tive pathology in the growing population of elderly humans and
leads to dementia and death. AD is a complex, age-related neuro-
degenerative disorder characterized by the impairment of cognitive
functions and memory loss. Olfactory bulbectomized mice are par-
ticularly promising and appropriate model of nontransgenic, sporad-
ic form of AD. Six weeks after bilateral olfactory bulbectomy (OBX),
mice displayed considerable impairment in spatial memory when
tested in the Morris's water maze. Decline of learning/memory
abilities correlated with increase of β-amyloid in extracts of the
neocortex and hippocampus, parts of the brain that are involved
in forming new memory and spatial navigation. We have also
established that soluble β-amyloid level detected by ELISA was
signiﬁcantly higher in mitochondrial fraction from the neocortex
and hippocampus in OBX animals than in sham-operated mice (SO).
Loss of neurons as well as its morpho-functional changes such as
cytolysis, karyolysis, pycnosis and vacuolization have been revealed
in the temporal cortex and hippocampus of OBX mice. Localization of
β-amyloid into mitochondria isolated from the neocortex and hippo-
campus is accompanied with impairments of the electron transport
chain and mitochondrial metabolism. We observed a signiﬁcant decline
in the mitochondrial respiratory rate, low value of mitochondrial
respiration control ratio (RCR), as well as a decreased activity of the
cytochrome c oxidase (COX) and reducedmembrane potential. A decline
in the COX activity (approx. 35–40%) suggests that a signiﬁcant deﬁcit in
energy generation can lead to catastrophic effects in the functioning of
neurons. Defects in mitochondrial function may be a result of toxic
effects ofβ-amyloid via reactive oxygen species leakage promoted by the
interaction of β-amyloid with brain mitochondria. These data suggest
that early mitochondrial targeted therapeutic interventions may be
effective in delaying AD progression in patients.
doi:10.1016/j.bbabio.2014.05.230
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Mitochondrial membrane potential is the major regulator of
mitochondrial functions, including coupling efﬁciency and production
of reactive oxygen species (ROS). We present here evidence for a
speciﬁc modulation of adenine nucleotide translocase (ANT) during
ageing that results in a decrease in membrane potential – and therefore
ROS production [1] – but surprisingly increases coupling efﬁciency
under conditions of low ATP turnover [2,3]. The in vivo decrease in the
response (‘elasticity’) of mitochondrial oxidative phosphorylation to
contraction-induced increase in ATP demand in aged living rat muscle
for low contractile activity [2] was associated with a decrease in
mitochondrial afﬁnity for ADP in aged isolated mitochondria, and a
change in ANT response to its speciﬁc inhibitor atractyloside [3]. This
ageing-induced modiﬁcation of ANT results in an increase in the ADP
concentration required to sustain the same ATP turnover as compared
to young muscle, and therefore in a lower membrane potential. Thus,
for an equivalent ATP turnover, coupling efﬁciency is higher in aged
muscle mitochondria, due to the down-regulation of basal proton leak
caused by membrane potential decrease [4]. Modiﬁcation in ANT
functionwith ageingmay be a result of oxidative damage caused by ROS
and may appear like a virtuous circle where ROS induce a mechanism
that reduces their production, without causing uncoupling, and even
leading in improved efﬁciency. Because of the importance of ROS as
therapeutic targets, this new mechanism deserves further studies.
References
[1] M. Jastroch, A.S. Divakaruni, S. Mookerjee, J.R. Treberg, M.D.
Brand, Mitochondrial proton and electron leaks, Essays Biochem,
47 (2010) 53–67.
Abstracts e59
[2] G. Gouspillou, I. Bourdel-Marchasson, R. Rouland, G. Calmettes, M.
Biran, V. Deschodt-Arsac, S. Miraux, E. Thiaudiere, P. Pasdois, D.
Detaille, J.M. Franconi, M. Babot, V. Trezeguet, L. Arsac, P. Diolez,
Mitochondrial energetics is impaired in vivo in aged skeletal
muscle, Aging Cell, 13 (2014) 39–48.
[3] G. Gouspillou, I. Bourdel-Marchasson, R. Rouland, G. Calmettes, J.M.
Franconi, V. Deschodt-Arsac, P. Diolez, Alteration of mitochondrial
oxidative phosphorylation in aged skeletal muscle involves modi-
ﬁcation of adenine nucleotide translocator, Biochim Biophys Acta,
1797 (2010) 143–151.
[4] M.D. Brand, L.F. Chien, P. Diolez, Experimental discrimination
between proton leak and redox slip during mitochondrial electron




P. Leslie Dutton, Molly M. Sheehan, Christopher C. Moser,
Chris Bialas, Goutham Kodali
University of Pennsylvania, Perelman School of Medicine, USA
E-mail: dutton@mail.med.upenn.edu
It remains a challenge to identify the sources and track the quantities
and rates of formation of the individual components of reactive oxygen
species (ROS) as well as how they are targeted to physiological pro-
ductive or uncontrolled destructive effects in cells and organelles. We
have designed and created manmade maquette proteins dedicated to
reveal ﬁrst principles of protein engineering that govern the individual
formation rates and yields of ROS. A series of closely related one or two
ferrous heme B maquettes are rapidly exposed to O2 in a stopped ﬂow
spectrometer and analyzed in the millisecond timescale for ferrous
heme oxidation and the fate of the oxygen. The ferrous heme (Em8
value−280 mV) can readily singly reduceO2.We show that amaquette
designed to stably bind one or twoO2 as the oxyferrous state releases no
detectable ROS on the second timescale of the experiment. A design that
disables heme O2 binding leads to long-range heme to O2 electron
transfer to form superoxide. We follow the millisecond timescale delay
as superoxide dismutates to peroxide (second-order) and then on the
same timescale the further interaction of superoxide with peroxide
to generate a substantial yield of hydroxyl radicals. Alternatively, a di-
heme design that promotes water access to the interior allows transient
millisecond di-oxyferrous state formation followed by prompt direct
internal peroxide formation before its release with little accompanying
superoxide or hydroxyl radical states. In analogous maquettes ligating a
single two-electron (n= 2) ﬂavin, the immediate product is peroxide.
We extend this “Fenton Laboratory” to the examination of themolecular
events of oxygen with combinations of reduced hemes, ﬂavins and
quinones aiming for a deeper understanding of the generation and
suppression of ROS and its destructive reactions with a range of
biologically and clinically important molecules.
doi:10.1016/j.bbabio.2014.05.232
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Mentha aquatica (water mint) extracts are regularly used in food
ﬂavoring and pharmacology. In the present study, the possible effects of
an ethanolic extract from leaves of M. aquatica L. on rat liver mito-
chondria bioenergetics were evaluated.
The plant extract (25 μg·mg protein−1) but not the vehicle,
inhibited the mitochondrial oxidative system, as seen by a depres-
sion of respiration (state 3, respiratory control ratio (RCR), FCCP-
stimulated respiration) and lower generation of the transmembrane
electric potential using glutamate +malate and succinate as respiratory
substrates. The depressing effects in oxidative phosphorylation can
probably be related with the polyphenolic composition of the extract
(mainly eriodictyol-7-O-rutinoside, luteolin-7-O-rutinoside, naringenin-
7-O-rutinoside, hesperitin-7-O-rutinoside and rosmarinic acid) that
can interact with membrane and change the inner mitochondrial mem-
brane lipidic moiety. Despite decreasing the RCR, the presence of
M. aquatica extract did not affect the mitochondrial phosphorylative
capacity, as estimated by the ADP/O ratio. No signiﬁcant increase in inner
mitochondrial membrane permeability was observed and induction
of mitochondrial permeability transition pore was not altered in the
range of concentrations tested (up to 25 μg·mg protein−1) either. For
the highest concentrations tested (25 μg·mg protein−1 or higher) the
inhibition observed on the mitochondrial respiratory chain, as reﬂected
by FCCP-stimulated respiration, revealed that M. aquatica ethanolic ex-
tract is toxic for mitochondrial bioenergetics. In conclusion, the present
study suggests that a high daily consumption of an ethanolic extract of
M. aquatica leaves should be regarded as hazardous. Acknowledgements:
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Mitochondria are central in cell physiology as they are the place
of energy generation, but also involved in many other essential
cellular processes. DNA repair is the main cellular defense line as it
prevents mutagenesis in nucleus and mitochondria by the efﬁcient
removal of DNA damage. Both, mitochondrial function and DNA
repair capacity, decline during ageing. In nucleus, but especially
in mitochondria, ageing is associated with an accumulation of DNA
mutations. In skin, sun exposure is a factor which dramatically ac-
celerates these processes. The focus of our research is the inﬂuence
of solar radiation on the function of skin mitochondria. We further
research whether mitochondrial dysfunction might causatively con-
tribute to impaired DNA repair and ﬁnally cancer. Here we show that
UV-exposed skin samples harbored increased levels of the 4,977 bp
commondeletion and an increased level ofmitochondrial DNA (mtDNA)
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